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PROBLEM TO BE SOLVED: To provide a method for manufacturing a hollow fiber membrane 
reduced in the irregularity of capacity such as water penetration quantity, water permeability 
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at 40-120° C in the wet membrane drying process and subsequently irradiated with 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The humid film which does not contain the pit hold-back agent of a big aperture in the 
amount of high water penetration which consists of a polysulfone system polymer and a 
polyvinyl pyrrolidone is manufactured beforehand. It is the manufacture approach of the dry 
hollow filament-like film with few [ after-shrinking the aperture^ST this humid film by drymf^ftW^ 
desolventization ] effluents including the process which insolubilizes a part of polyvinyl 
pyrrolidone in the film in water further. The manufacture approach of the hollow filament-like 
film characterized by carrying out by carrying out a microwave exposure after carrying out 
stoving of the desiccation process of the humid film at 40-degree-C or more temperature of 
120 degrees C or less. 

[Claim 2] The manufacture approach according to claim 1 characterized by ****(ing) the hollow 
filament-like film at the time of desiccation in the shape of a thread, and ventilating a 
dehumidification gas in this thread. 

[Claim 3] The manufacture approach according to claim 2 characterized by the difference of the 
water content of the film in the core and the periphery section of a thread at the time of 
desiccation initiation being less than 10%. 

[Claim 4] The manufacture approach according to claim 2 or 3 characterized by changing from 
stoving to a microwave exposure when the average water content of the thread after 
desiccation initiation becomes 20 - 70%. 

[Claim 5] The manufacture approach according to claim 4 characterized by the difference of the 
water content of the film in the core and the periphery section of this thread in the time of the 
average water content of the thread after desiccation initiation becoming 50 - 70% being less 
than 5%. 

[Claim 6] The manufacture approach according to claim 1 to 5 characterized by the ratio of the 
polyvinyl pyrrolidone to a polysulfone system polymer being 18 - 27 % of the weight by a film 
production undiluted solution consisting of a polysulfone system polymer, a polyvinyl 
pyrrolidone, and a solvent. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has very few elution volumes from the film, and adhesion 
of blood protein and a platelet is related with the approach of manufacturing the sm all hol low 
filament-like film of dispersion in engine"" Derformance, such atTtfte amount of water penetration! 1 
and permeability, especially, in the manufacture approach of the hollow filament-like desiccation 
film of having little outstanding dialysis engine performance. 
[0002] 

[Description of the Prior Art] The technique of using the film which has alternative permeability 
progresses splendidly in recent years, and utilization in extensive fields, such as a separation 
filter of a gas or a liquid, hemodialyzer in the medical field, a hemofiltration machine, and a 
constituent-of-blood selection separation filter, is progressing until now. As an ingredient of this 
film, polymers, such as cellulose systems (a regenerated-cellulose system, a cellulose acetate 
system, chemistry denaturation cellulose system, etc.), a polyacrylonitrile system, a 
polymethylmethacrylate system, a polysulfone system, a polyethylene vinyl alcohol system, and 
a polyamide system, have been used. Among these, since haemocompatibility of a polysulfone 
system polymer improves by in addition to the thermal stability, acid-proof, and alkali resistance 
adding a hydrophilization agent to a film production undiluted solution, and producing a film to it, 
it was observed as a semipermeable membrane material and research has been advanced. 
[0003] On the other hand, in order to paste up the film and to produce a module, it is necessary 
to dry the film but, and if the porous film which consists of an organic macromolecule, the 
permeable membrane which consists of hydrophobic polymers, such as a polysulfone system, 
especially, and ultrafiltration membrane are dried after film production, it is known that the 
amount of water penetration will fall remarkably compared with desiccation before. Therefore, 
the film always needed to be dealt with in the damp or wet condition and the condition of having 
made water immersed. 

[0004] The approach conventionally taken as this cure was putting low volatility organic liquids, 
such as a glycerol, in the hole part in the porous film after film production and before 
desiccation. However, since hyperviscosity [ a low volatility organic liquid ] generally, although 
washing removal took time amount, module molding of the film was carried out and after 
washing was a minute amount, the problem was to see the effluent of the low volatility organic 
liquid origin etc. in module mounting fluid (various derivatives which reacted chemically with the 
low volatility organic liquid, and were generated). 

[0005] Although the method of using the mineral salt of a calcium chloride etc. instead of a low 
volatility organic liquid is shown in the patent reference 1 as an approach of drying without 
using a low volatility organic liquid, there is no change in the need of carrying out washing 
removal. Moreover, though it is a minute amount, it is apprehensive about the bad influence 
which the mineral salt which remained has on a dialysis patient. 

[0006] Moreover, the manufacture approach of the hollow fiber which irradiates microwave is 
shown in the patent reference 2 as the membranous desiccation approach, performing moist 
heat treatment by the steam to a hollow fiber. However, since steam treatment is carried out in 
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order to prevent deformation of the film, though it is desiccation, there is a fault which 
lengthens the drying time, and further, since it is the desiccation after making low volatility 
organic liquids, such as a glycerol, adhere, the purpose of reducing the effluent from the film is 
not attained. 

[0007] The hydrophilization film containing the polyvinyl pyrrolidone which carried out 
desiccation processing to the patent reference 3 and the patent reference 4, without using a 
low volatility organic liquid is indicated. Although the engine performance which separates a 
plasma component from blood is indicated by these, since plasma protein penetrates, it turns 
out that it is not effective as permeable membrane. Moreover, since the polyvinyl pyrrolidone is 
dried at the temperature decomposed and denatured, in the purpose of reducing the effluent 
from the film, it is the process which is not very desirable. 

[0008] Moreover, the hollow fiber to which blood made abundance of the polyvinyl pyrrolidone in 
the film internal surface which contacts directly about 20 ^50% is indicated by the patent 
reference 5. This shows the humid film for mainly lessening affixes, such as blood protein and a 
platelet. Therefore, although it is shown that change cannot take place easily at the time of the 
path of a filtrate rate since blood protein cannot adhere easily, there is no publication about, 
dialysis engine performance, like the permeability of albumin-isstew. — ^^^^r ^ 
[0009] this invention person proposed the approach of drying the humid film which has the 
specific engine performance, without sinking into low volatility organic liquids, such as a glycerol, 
and manufacturing the highly efficient blood purification film (patent reference 6). However, 
when it was made the shape of a thread and dried by this approach as a result of a subsequent 
examination, it became clear by the core of a thread, and the film of the periphery section that 
some engine-performance difference arises. 
[0010] 

[Patent reference 1] JP,6-277470,A [the patent reference 2] JP,1 1-332980,A [the patent 
reference 3] JP,8~52331,A [the patent reference 4] JP,8-9668,B [the patent reference 5] JP,6- 
296686.A [the patent reference 6] The patent No. 3281364 official report [0011] 
[Problem(s) to be Solved by the Invention] The technical problem of this invention has very few 
elution volumes from the film, and they are for adhesion of blood protein and a platelet to offer 
the approach of manufacturing the small hollow filament-like film of dispersion in engine 
performance, such as the amount of water penetration, and permeability, especially, in few 
outstanding hollow filament-like manufacture approaches. 
[0012] 

[Means for Solving the Problem] Like the above, there was no desiccation film for blood 
purification which has the dialysis engine performance dried without using the pit hold-back 
agent leading to the effluent from a module to this invention person's etc. patent invention 
(patent reference 6). When the cause was dried without using a pit hold-back agent, the damp 
or wet condition was becoming completely different film of the low engine performance. Then, 
this invention person etc. produces beforehand the humid film which has the specific engine 
performance which is a diameter of an osculum in the amount of high water penetration rather 
than the target engine performance by said invention. There is nothing to the former of 
manufacturing the film which is made dried and contracting this and has the dialysis engine 
performance of a target. As a result of advancing research wholeheartedly based on the way of 
thinking that nobody thought of, there were very few effluents and the approach of obtaining 
the film which has the dialysis engine performance adhesion of blood protein and a platelet 
excelled [ engine performance ] in little permselectivity was offered. However, after that, when 
research was advanced further, this invention persons discovered that dispersion arose in the 
amount of water penetration, or penetrable ability by the core of a thread, and the film of the 
periphery section, when manufacturing the blood purification film by the approach of the patent 
reference 6, and the humid film was made into the shape of a thread and it dried. Then, in order 
to abolish dispersion, as a result of inquiring wholeheartedly, it results that dispersion is 
suppressed in header this invention with devising a desiccation process. 
[0013] Namely, this invention consists of a (1) polysulfone system polymer and a polyvinyl 
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pyrrolidone. The humid film which does not contain the pit hold-back agent of a big aperture in 
the amount of high water penetration is manufactured beforehand. It is the manufacture 
approach of the dry hollow filament-like film with few [ after shrinking the aperture of this humid 
film by drying after desolventization ] effluents including the process which insolubilizes a part 
of polyvinyl pyrrolidone in the film in water further. The manufacture approach of the hollow 
filament-like film characterized by carrying out by carrying out a microwave exposure after 
carrying out stoving of the desiccation process of the humid film at 40-degree-C or more 
temperature of 120 degrees C or less, (2) The manufacture approach given in the above (1) 
characterized by ****(ing) the hollow filament-like film at the time of desiccation in the shape 
of a thread, and ventilating a dehumidification gas in this thread, (3) The manufacture approach 
given in the above (2) characterized by the difference of the water content of the film in the 
core and the periphery section of a thread at the time of desiccation initiation being less than 
10%, (4) The above (2) characterized by changing from stoving to a microwave exposure when 
the average water content of the thread after desiccation initiation becomes 20 - 70%, or the 
manufacture approach given in (3), (5) The manufacture approach given in the above (4) 
characterized by the difference of the water content of the film in the core and the periphery 
section of this thread in the time of the-average water conte^l^f the thread after deskcairi^i^=^— 
initiation becoming 20 - 70% being less than 5%, (6) film-production undiluted solution And a 
polysulfone system polymer, a polyvinyl pyrrolidone, And it consists of a solvent and is related 
with one manufacture approach of above-mentioned (1) - (5) characterized by the ratio of the 
polyvinyl pyrrolidone to a polysulfone system polymer being 18-27 % of the weight. The hollow 
filament-like film obtained by the approach of this invention is excellent in the hemodialysis 
engine performance, and is used as permeable membrane. Furthermore, it is useful also as film 
for other extracorporeal circulation therapies. 
[0014] 

[Embodiment of the Invention] Below, the configuration of the hollow filament-like film (only 
henceforth the "film") of this invention is explained at a detail. The manufacture approach of 
this invention manufactures the humid film of a big aperture beforehand in the amount of high 
water penetration, and has the description to make it dry without infiltrating a pit hold-back 
agent after desolventization. 

[0015] Usually, it is classified into the inorganic substance with which the pit hold-back agent 
used in case the hollow filament-like film is manufactured is anxious about the toxicity to the 
organic substance and the body which have viscosity. Since the pit hold-back agent which 
consists of the organic substance which has viscosity has high viscosity and it is difficult to 
carry out washing removal completely, it can change with the cause which remains in the film, is 
made to increase the elution volume from the film, reacts chemically with the pit hold-back 
agent which remained further, and produces deleterious material. On the other hand, since it 
remains in a minute amount also in the pit hold-back agent which consists of an inorganic 
substance, it is apprehensive about the bad influence which it has on a dialysis patient. 
[0016] The pit hold-back agent as used in the field of this invention is matter put in the hole 
part in the film in the manufacture process before drying in order to prevent the degradation at 
the time of desiccation. It is possible by immersing the humid film in the solution containing a pit 
hold-back agent to put this hold-back agent in the hole part in the film. If even washing and 
removal carry out a pit hold-back agent also even for after desiccation, it is possible to hold 
engine performance, such as the amount of water penetration equivalent to the humid film and 
rejection, according to the effectiveness of a pit hold-back agent. 

[0017] As a pit hold-back agent, ethylene glycol, propylene glycol, A trimethylene glycol, 1, 2- 
butylene glycol, 1, 3-butylene glycol, 2-butine -1, 4-diol, the 2-methyl -2, 4-PENTA diol, 2- 
ethyl -1, 3-hexandiol, a glycerol, tetraethylene glycol, The organic compound and calcium 
chlorides of a polyethylene glycol 200, a polyethylene glycol 300, and polyethylene-glycol 400 
grade, such as a glycol system or a glycerol system compound, and a sucrose fatty acid ester, 
The mineral salt of a sodium carbonate, sodium acetate, magnesium sulfate, a sodium sulfate, a 
zinc chloride, etc. can be mentioned. 
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[0018] Moreover, in this invention, the amounts of water penetration are 100mL(s) / (m2 and 
hr-mmHg) above in the amount of high water penetration, and the humid film of a big aperture 
means the humid film which the transmission of the polyvinyl pyrrolidone of weight average 
molecular weight 40,000 exceeds 75%, and has the engine performance whose transmission of 
the albumin in a cow plasma system is 0.3% or more. 

[0019] The permeability of cow plasma albumin can be measured by the following approaches. 
First, 100 hollow filament-like film with a die length of 20cm is bundled, and a small module is 
produced. The heparinize cow plasma (heparin 5000 IU/L (liter), protein concentration 6.0 g/dL 
(deciliter)) warmed to this module at 37 degrees C is passed with the linear velocity of 
1.0cm/second to a film internal-surface side, a module enters, and an ultrafiltration is 
performed for 30 minutes in mean-pressure 50mmHg of** and ****. It computes permeability 
by measuring measurement of the concentration of the obtained filtrate and former liquid on the 
wavelength of 280nm with an ultraviolet spectroscopy photometer, and substituting it for the 
following formula (1). 

Permeability (%) =(absorbance of filtrate) x100/(absorbance of former liquid) (1) 
[0020] The transmission of a polyvinyl pyrrolidone is called for by performing the same 
actuation as measurement of the transmission of cow plasma*albumin except having-used*thc»^ 
water solution to filter as the phosphoric-acid buffer (0.15-mol [ // I. ], pH7.4) water solution of 
3% of the weight of a polyvinyl pyrrolidone (BASF A.G. make K30, weight average molecular 
weight 40,000), and the module having entered and having set the mean pressure of ** and 
**** to 200mmHg(s). 

[0021] After the humid film of a big aperture making a polysulfone system polymer (only 
henceforth a ''polymer"), a polyvinyl pyrrolidone, and the film production undiluted solution that 
consists of a solvent breathe out from a double annular nozzle with internal liquid in the amount 
of high water penetration and passing an air gap, in the manufacture approach made to solidify 
by the coagulation bath, it can manufacture by using the water solution of the solvent of a 
polymer for internal liquid. 

[0022] Although internal liquid makes a membranous centrum and a membranous internal 
surface form, it turns out that the aperture of an internal surface becomes large in proportion 
to the solvent concentration in internal liquid. In this invention, since the permeable membrane 
of the engine performance of a target is obtained by carrying out drying shrinkage of the humid 
film, compared with the time of manufacturing the humid film which has the target solvent 
concentration in internal liquid dialysis-engine performance, it is necessary to make it high 
concentration. 

[0023] What has the repeat unit shown by the following formula (2) or the formula (3) as a 
polysulfone system polymer used by this invention is mentioned. In addition, Ar in a formula 
shows the phenyl group of two permutations in the para position, and limits neither about 
polymerization degree nor especially molecular weight. 
-0-Ar-C(CH3)2-Ar-0-Ar-S02-Ar- (2) 
-0-Ar-S02-Ar- (3) 

[0024] Since the hydrophilization effectiveness to the film is as high as the thing of the amount 
of macromolecules and little and as sufficient effectiveness as the thing of the amount of 
macromolecules can demonstrate a polyvinyl pyrrolidone, in this invention, a with a weight 
average molecular weight of 900,000 or more polyvinyl pyrrolidone is used. Although it is 
necessary to make a lot of polyvinyl pyrrolidones remain in the film in order to give the 
hydrophilization effectiveness to the film using the polyvinyl pyrrolidone which has weight 
average molecular weight smaller than 900,000 for this reason, the effluent from the film will 
increase. Moreover, in order to lower an effluent conversely, when the amount of survival in the 
inside of the film of the polyvinyl pyrrolidone of weight average molecular weight smaller than 
900,000 was lessened, the hydrophilization effectiveness becomes inadequate and hemodialysis 
is performed as a result, the fall of filtration velocity with time is caused and sufficient 
effectiveness cannot be demonstrated. 

[0025] Moreover, both the solvents used for the dissolution of a polysulfone system polymer 
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and a polyvinyl pyrrolidone dissolve both these, and are a N-methy|-2-pyrrolidone, N.N- 
dimethylformamide, N,N-dimethylacetamide, etc. Especially if the polymer concentration in a film 
production undiluted solution is the range of concentration where the film which could produce 
the film and was obtained has the engine performance as film, it will not be restricted, but it is 
10 - 30 % of the weight preferably five to 35% of the weight. In order to attain permeable high 
ability, the lower one of polymer concentration is good, and its 10 - 25 % of the weight is 
desirable. 

[0026] A still more important thing is the addition of a polyvinyl pyrrolidone, and the mixing ratio 
of the polyvinyl pyrrolidone to a polymer is 20 - 27 % of the weight still more preferably ten to 
27% of the weight preferably 27 or less % of the weight It is difficult to be in the inclination 
whose elution volume increases, when the mixing ratio of the polyvinyl pyrrolidone to a polymer 
exceeds 27 % of the weight, and to obtain the film of sponge structure, since the viscosity of a 
film production undiluted solution is low at less than 10 % of the weight. Moreover, what is 
necessary is it to be also possible for to add the 4th component, such as water and a poor 
solvent, in order to control undiluted solution viscosity and a dissolution condition, and for 
combination just to perform the class and an addition at any time. 

[0027] Water is desirable although the liquid which does not-di^Folve polymers, such-as-cs!i^hatFis^ 
hydrocarbon, such as alcohols; ether;n~hexanes, such as a water; methanol and ethanol, and n- 
heptane, for example is used as a coagulation bath. Moreover, it is also possible to control a 
coagulation rate by adding a little the solvent which dissolves a polymer in a coagulation bath. - 
30-90 degrees C of 0-90 degrees C of temperature of a coagulation bath are 0-80 degrees C 
still more preferably preferably. The temperature of a coagulation bath exceeds 90 degrees C, 
or the surface state of the hollow filament-like film in a coagulation bath cannot be easily 
stabilized as it is less than -30 degrees C. 

[0028] Desiccation after desolventization washing is performed by changing to a microwave 
exposure, after carrying out ventilation desiccation of the thread which is fully carrying out 
humidity with the gestalt (it is only henceforth called a "thread") of the thread which bundled 
several hollow filament-like many film at 40-degree-C or more temperature of 120 degrees C or 
less. Furthermore, it is desirable to ventilate the dehumidification gas which does not exceed 40 
degrees C at the time of this stoving and a /microwave exposure. It means passing a wind 
between hollow filament-like film as ventilating in a thread. In this invention, ventilating a with a 
40-degree-C or more temperature [ temperature 120 degrees C or less ] dehumidification gas 
in a thread means performing stoving to a thread at the same time it ventilates in a thread. 
[0029] The microwave exposure is suitable for drying the thread of low water content more 
uniformly for a short time, the change to the microwave exposure from ventilation desiccation 
has a desirable time of the average water content of a thread becoming 50 - 70% desirably 20 
to 70%, and it is still more desirable then by suppressing dispersion in the engine performance 
that the difference of the water content of the film in the core and the periphery section of a 
thread is less than 5%. It is possible at the time of desiccation to make the difference of the 
water content of the film in the core and the periphery section of this thread less than 5% by 
ventilating in a thread. Here, the core of a thread means one sixth of the range of a diameter 
from the central point in the circle configuration cross section of a thread. Moreover, the 
periphery section of a thread means one sixth of the range of a diameter from a periphery in the 
circle configuration cross section of a thread. 

[0030] Moreover, since it is the same, it is desirable also about the thread at the time of 
desiccation initiation that the difference of the water content of the film in the core and the 
periphery section of a thread is less than 10%. If the thread after desolventization is left, since a 
difference will arise in the water content of the core of a thread, and the periphery section, it is 
possible by immersing a thread underwater again, just before going into a desiccation process to 
make the difference of the water content of a thread core and the periphery section less than 
10%. 

[0031] Here, water content means what is calculated by count by (4) types from the weight (A 
(g)) of the thread before desiccation (or film), and the weight (B (g)) of a desiccation thread (or 
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film). 

Water content (%) =(A-B)x100/B (4) 

[0032] It is desirable still more desirable that it is [ 40 degrees-C or more ] 120 degrees C or 
less, and drying temperature is 40 degrees C or more 100 degrees C or less. If it exceeds 120 
degrees C, in order that a polyvinyl pyrrolidone may denaturalize and decompose, it is not 
desirable from the elution volume from the desiccation film obtained even if it did not use a pit 
hold-back agent increasing. It takes [ desiccation / too much ] time amount at less than 40 
degrees C and is not desirable. Moreover, although the high thing of the output of microwave is 
desirable, an optimum value changes with amounts of the film to dry. 

[0033] Since a part of PVP in the film can be insolubilized in water by irradiating radiations, 
such as an electron ray and a gamma ray, at the film after desiccation, it is possible to reduce 
the elution volume from the film more. Whichever after a modularization of the exposure of a 
radiation is sufficient as a modularization front stirrup. Moreover, if all PVP in the film is 
insolubilized, while an elution volume can be reduced, it is not desirable from a leuco PENIA 
symptom being observed at the time of dialysis. 

[0034] With PVP insoluble in the water as used in the field of this invention, the meltable 
amount of PVP is deducted from the total amount of PVP in*tfes film in water. The tota^sn^oLTnt^ 
of PVP in the film is easily computable with the elemental analysis of nitrogen and sulfur. 
Moreover, the amount of PVP meltable in water can be calculated by the following approaches. 
After dissolving the film completely by the N-methyl-2-pyrrolidone, water is added in the 
obtained polymer solution and a polysulfone system polymer is settled completely. After putting 
this polymer solution furthermore, the quantum of meltable PVP can be carried out to water by 
carrying out the quantum of the amount of PVP in a supernatant with liquid chromatography. 
[0035] It is characterized by drying it by microwave exposure, after the manufacture approach 
of this invention carries out stoving of the humid film which does not contain a pit hold-back 
agent at 40-degree-C or more temperature of 120 degrees C or less. The film obtained using 
this manufacture approach is desiccation film which does not contain a pit hold-back agent, and 
the amount of water penetration of pure water is [ the permeability of the polyvinyl pyrrolidone 
of 10-1,000mL/(m2 and hr-mmHg) and weight average molecular weight 40,000 ] 75% or less. 
And the transmission of the albumin in a cow plasma system is less than 0.3%, and it is the 
hollow filament-like film characterized by the variation in each engine performance being still 
smaller. 

[0036] Although the beta 2-microglobulin (molecular weight: 1 1,800) made into the causative 
agent for the improvement of dialysis amyloid condition of disease is made to fully penetrate in 
the latest hemodialysis therapy, the film which has the fractionation nature which does not 
make most albumin (molecular weight: 67,000) penetrate is called for, and the permeability of 
albumin [ in / in the film of this invention / a cow plasma system ] is 0.3% or less. Since it 
means losing greatly albumin effective in the inside of the body, it is not desirable as permeable 
membrane that the transmission of albumin exceeds 0.3%. 

[0037] Moreover, the linear correlation which the amount of water penetration of pure water 
shows in the following formula (5) at the transmission (A (%)) of a polyvinyl pyrrolidone and the 
path clearance (B (a part for mL/)) of beta 2-microglobulin in the film of 10mL(s) / (m2 and hr- 
mmHg) more than exists. Although it is required for path clearance evaluation to fabricate and 
process the module of the dialysis specification which has the effective film surface product of 
2 1.5m, it is possible for it to be measurable in simple and to guess path clearance easily by this 
evaluation approach. 
B(part for mL/) =0.636A+29.99 (5) 

Here, in accordance with the performance-evaluation criteria of Japanese Society for Artificial 
Organs, dialysis measurement of the path clearance of beta 2-microglobulin is carried out at the 
module of the effective film surface product of 2 under a part (film internal-surface side) for 
blood flow rate 200mL/, and the conditions for dialysing fluid flow rate 500ml_/(film outside- 
surface side) 1.5m. 

[0038] Although, as for the path clearance of beta 2-microglobulin, various things are demanded 
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according to a dialysis patient's physical strength, or the percentage of completion of condition 
of disease and condition of disease, if the transmission of a polyvinyl pyrrolidone exceeds 75%, 
since the transmission of albumin will exceed 0.3%, the transmission of a polyvinyl pyrrolidone 
needs to be 75% or less. 

[0039] Moreover, since the pit hold-back agent is not being used for the film made by the 
manufacture approach of this invention by the production process, the effluent of the pit hold- 
back agent origin does not exist. Therefore, the absorbance of the effluent test fluid of the film 
of this invention is less than 0.04, and does not contain a pit hold-back agent in this test fluid. 
With effluent test fluid, it prepares here based on hemodialysis apparatus acknowledgement 
criteria, and after putting 1.5g of desiccation hollow filament-like film cut to 2cm, and distilled— 
water-for-injection 150mL into the glassware which suits the alkali dissolution test of the 
glassware trial for injection of a Japanese pharmacopoeia, warming at 70**5 degrees C for 1 
hour and removing the film after cooling, what added distilled water and was set to 150mL(s) is 
meant. An absorbance is measured with an ultraviolet absorption spectrum on the wavelength 
which shows the maximum absorption wavelength in 220-350nm. Although making an 
absorbance or less into 0.1 is defined on hemodialysis apparatus acknowledgement criteria, 
since the film of this invention does not-hold a pit hold-back*3^6nt, it can attain less^at1^G?04^ 
Moreover, about the existence of a pit hold-back agent, it is detectable by measuring the thing 
which condensed or removed [ moisture ] this test fluid by well-known approaches, such as a 
gas chromatography, liquid chromatography, differential refractive media, an ultraviolet 
spectroscopy photometer, an infrared absorptiometry, nuclear-magnetic-resonance 
spectroscopy, and elemental analysis. Moreover, it is detectable also about whether a pit hold- 
back agent is included in the film with these measuring methods. 

[0040] The film made by the manufacture approach of this invention consists of a polysulfone 
system polymer and a polyvinyl pyrrolidone, and the concentration of the polyvinyl pyrrolidone in 
a film internal surface is 30 - 45 % of the weight. By the polysulfone system film which is the 
hydrophilic property of the film internal surface which blood touches, and contains a polyvinyl 
pyrrolidone (only henceforth "PVP"), the PVP concentration of a film internal surface is 
important for a factor important for membranous haemocompatibility. When the PVP 
concentration of a film internal surface is too low, a film internal surface shows hydrophobicity, 
plasma protein tends to adsorb, and the coagulation of bjood also tends to take place. That is, it 
becomes membranous poor haemocompatibility. Conversely, if the PVP concentration of a film 
internal surface is too high, the elution volume to the blood system of PVP will increase, and 
the result which is not desirable will be given for the purpose and application of this invention. 
Therefore, the concentration of PVP of the film internal surface in this invention is 30 - 40% of 
range, and is 33 - 40% preferably. 

[0041] The PVP concentration of a film internal surface is determined by the X ray photon 
spectrum (X-ray Photoelectron spectroscopy, henceforth, XPS). That is, after measurement of 
XPS of a film internal surface arranges a sample in on a double-sided tape, a cutter cuts it open 
to fiber shaft orientations, and after extending so that the membranous inside may become a 
table, it is measured by the usual approach. That is, C1s and Ols, the concentration for which it 
asked using the relative sensitivity coefficient of equipment attachment from the surface 
concentration (nitrogen atom concentration) of nitrogen and sulphuric surface concentration 
(sulfur atom concentration) is said from the integrated intensity of N1s and an S2p spectrum, 
and when a polysulfone system polymer is the structure of (2) types, it can ask by count by (6) 
types. 

PVP concentration (% of the weight) =C1M1x100/(C1M1+C2M2) (6) 

It is here and is C1:nitrogen atom concentration (%). 

C2: Sulfur atom concentration (%) 

M1 :P Molecular weight of the repeat unit of VP (111) 

M2: Molecular weight of the repeat unit of a polysulfone system polymer (442) 
[0042] 

[Example] Although the example of this invention is shown below, this invention is not limited to 
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this. 

(Measurement of the amount of platelet adhesion) The following operating procedure performed 
measurement of the amount of platelet adhesion to the film. Bundle 100 hollow filament-like film 
with a die length of 15cm, produce a small module, and this module is made to pass heparinize 
Homo sapiens fresh blood for 15 minutes with the linear velocity of I.Ocm/second, and the 
physiological saline was continuously passed for 1 minute. Next, it computed as LDH activity of 
per a film surface product (internal-surface conversion) by carrying out the quantum of the 
lactate dehydrogenase (henceforth "LDH") emitted from the platelet which carried out beating 
of the hollow filament-like film to 5mm spacing extent, carried out ultrasonic irradiation in the 
physiological saline which contains the polyethylene-glycol alkylphenyl ether (Wako Pure Chem 
trade name triton X-100) 0.5%, and adhered to the film front face. Measurement of enzyme 
activity used the LDH mono-test kit (Boehringer Mannheim and made in Yamanouchi). In 
addition, it compared with a specimen and coincidence using the film (what was obtained by 
being immersed in ethanol for one day after the film of the example 1 in front of gamma 
irradiation was immersed in the sodium hypochlorite with an available chlorine concentration of 
1,500 ppm for two days) which does not contain PVP as positive control. 

[0043] (Plasma protein amount of adsorption) Except having^rs^ied out u Itrafi Itrat i oo-tlrnig g ^ ™^ 
amount in 240 minutes, after the plasma protein amount of adsorption to the film performed the 
same actuation as the transmissometry of albumin, the physiological saline washed it for 1 
minute. Next, it computed as the protein amount of adsorption per film weight by carrying out 
beating of the hollow filament-like film to 5mm spacing extent, and carrying out the quantum of 
the plasma protein stirred and extracted in the physiological saline which contains sodium lauryl 
sulfate 1.0%. Protein concentration used BCA protein assay (made in Pierce). In addition, it 
compared with a specimen and coincidence using the film (what was obtained by being 
immersed in ethanol for one day after the film of the example 1 in front of gamma irradiation 
was immersed in the sodium hypochlorite with an available chlorine concentration of 1,500 ppm 
for two days) which does not contain PVP as positive control. 
[0044] 

[Example 1] (Film production and removal of a residual solvent) It dissolved in 77.7 % of the 
weight of N,N-dimethylacetamide, and 18.0 % of the weight (product made from Amoco 
Engineering Polymers P-1700) of polysulfones and 4.3 % of the weight (BASF A.G. make K90, 
weight average molecular weight 1,200,000) of polyvinyl pyrrolidones were used as the uniform 
solution. Here, the mixing ratio of the polyvinyl pyrrolidone to the polysulfone in a film 
production undiluted solution was 23.9 % of the weight. This film production undiluted solution 
was kept at 60 degrees C, and it was immersed to the coagulation bath which is made to 
breathe out from a spinning port (double annular nozzle 0.1mm - 0.2 mm to 0.3 mm), is made to 
pass a 0.96m air gap, and consists of 75-degree C water with the internal liquid which consists 
of a mixed solution of 30 % of the weight of N,N-dimethylacetamide, and 70 % of the weight of 
water. At this time, from a spinning port to the coagulation bath was surrounded by the 
cylinder-like cylinder, the humidity in a cylinder was controlled and temperature was controlled 
for the nitrogen gas which contained the steam in the cylinder at 51 degrees C 54.5% with the 
sink. Spinning speed was fixed to a part for 80m/. Here, the ratio of the air gap to spinning 
speed was 0.012m/(a part for m/). The residual solvent in the film was removed after cutting 
the rolled-round thread by washing a 80-degree C hot water shower over 2 hours from the 
cutting plane upper part of a bundle (die length of 300mm, 9200 film numbers). 
[0045] (Desiccation of the humid film and ^solubilization processing of PVP) Stoving was 
carried out by putting 30 threads after the above-mentioned residual solvent removal (the 
difference of the water content of the film [ in / water content / of the film of 300% and a 
thread core / water content / in the water content of the film of 300% and the thread periphery 
section / the core and the periphery section of 300% and a thread ] being 0%) into the dryer (3m 
[/second ] circulation wind speed in a dryer) set as 87 degrees C. Moreover, 25-degree C 
dehumidification air (10% or less of humidity) was ventilated from the lower part of each thread 
from the lower part of a thread to the upper part at the 8m [/second ] wind speed between the 
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time of desiccation initiation, and the time of desiccation termination. At this time, the 1m 
[/second ] wind speed was measured by the thread average from the upper part of a thread at 
the time of desiccation initiation. Next, when the water content of a thread became 65% (the 
difference of the water content of the film [ in / water content / of the film of a thread core / 
in the water content of the film of 67% and the thread periphery section / the core and the 
periphery section of 64% and a thread ] is 3%), water content obtained less than 1% of 
desiccation film (thread) for ventilation desiccation a stop and by carrying out a microwave 
exposure (output of 21 kW) for 4 minutes. Furthermore, a part of PVP in the film was 
insolubilized by irradiating the gamma ray of 25kG(ies) at the obtained desiccation film (thread). 
[0046] (Performance-evaluation result) The engine performance of this film is shown in Table 1. 
The engine performance shows the average of the result measured 10 times. When this film was 
used as the module of 2 the effective filtration area of 1.5m and path clearance of beta 2~ 
microglobulin was surveyed, it turned out that it is by part For 32mL/, and it became clear that 
it is equivalent to a part for path clearance 32.5mL/computed by having substituted it for the 
formula (6). Furthermore, when this module performed transit measurement of a urea and 
vitamin B12, the path clearance and the permeability of a urea were part 83% for 185mL(s)/ t 
respectively. Moreover, about vitamin B-12, it was part 48% fop*§€ml_(s)/similarly. MeasaFem^r^ 8 *^ 
is [0035]. It carried out by the same approach. Moreover, 62% of the total amount of PVP in the 
film was insoluble in water. As a result of carrying out a membranous eluting material test, the 
absorbance of effluent test fluid was 0.04 or less. Moreover, since the pit hold-back agent was 
not used, in effluent test fluid, the pit hold-back agent was contained and was not. Furthermore, 
as for this film, compared with the positive control film, the amount of platelet adhesion became 
low (positive control film 43.4 Unit/m2) clear [ that the amount of adhesion of plasma protein is 
also low ] (positive control film 62.5 mg/g). 

[0047] It became clear that this film has very few elution volumes from the film, and there is 
little adhesion of blood protein and a platelet from the engine performance mentioned above. 
Moreover, since the transmission of albumin was excellent also in the path clearance of beta 2- 
microglobulin few, it turned out that it is the film excellent also in the dialysis engine 
performance. Furthermore, since there were few differences of the engine performance of the 
film in the core and the periphery section of a thread compared with the old desiccation 
approach (example 1 of a comparison), dispersion in the engine performance became clear [ few 
things ]. 
[0048] 

[Example 2] The same actuation as an example 1 was performed except having made the 
polyvinyl pyrrolidone in a film production undiluted solution, and having made N,N- 
dimethylacetamide into 78 % of the weight 4% of the weight. The mixing ratio of the polyvinyl 
pyrrolidone to the polysulfone in the film production undiluted solution at this time was 22.2 % of 
the weight. The engine performance of this film is shown in Table 1. It became clear that this 
film has very few elution volumes from the film, and there is little adhesion of blood protein and 
a platelet. Moreover, there was little transmission of albumin, and since excelling also in the 
path clearance of beta 2-microglobulin was suggested, it turned out that it is the film excellent 
also in the dialysis engine performance. Furthermore, since there were few differences of the 
engine performance of the film in the core and the periphery section of a thread compared with 
the old desiccation approach (example 1 of a comparison), dispersion in the engine performance 
became clear [ few things ]. 
[0049] 

[Example 3] The same actuation as an example 1 was performed except having made the 
polyvinyl pyrrolidone in a film production undiluted solution, and having made N,N- 
dimethylacetamide into 77.2 % of the weight 4.8% of the weight. The mixing ratio of the polyvinyl 
pyrrolidone to the polysulfone in the film production undiluted solution at this time was 26.7 % of 
the weight. The engine performance of this film is shown in Table 1. It became clear that this 
film has very few elution volumes from the film, and there is little adhesion of blood protein and 
a platelet. Moreover, there was little transmission of albumin, and since excelling also in the 
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path clearance of beta 2-microglobulin was suggested, it turned out that it is the film excellent 
also in the dialysis engine performance. Furthermore, since there were few differences of the 
engine performance of the film in the core and the periphery section of a thread compared with 
the old desiccation approach (example 1 of a comparison), dispersion in the engine performance 
became clear [ few things ]. 
[0050] 

[Example 4] The same actuation as an example 3 was performed except having used the mixing 
solution which turns into internal liquid from 52 % of the weight of N,N-dimethylacetamide, and 
48 % of the weight of water. The engine performance of this film is shown in Table 2. It became 
clear that this film has very few elution volumes from the film, and there is little adhesion of 
blood protein and a platelet. Moreover, there was little transmission of albumin, and since 
excelling also in the path clearance of beta 2-microglobulin was suggested, it turned out that it 
is the film excellent also in the dialysis engine performance? Furthermore, since there were few 
differences of the engine performance of the film in the core and the periphery section of a 
thread compared with the old desiccation approach (example 1 of a comparison), dispersion in 
the engine performance became clear [ few things ]. 

[0051] - . -~x** 

[The example 1 of a comparison] The thread after residual solvent removal (the water content 
of the film of a thread core 300% 300%) [ water content ] When the water content of the film of 
the thread periphery section put into the dryer (3m [/second ] circulation wind speed in a 
dryer) with which the difference of the water content of the film in the core and the periphery 
section of a thread set 30 as 87 degrees C 0% 300%, except that stoving was carried out and 
water content obtained less than 1% of thread, the same actuation as an example 1 was 
performed. This result is shown in Table 2. A difference is in the engine performance of the film 
in the core and the periphery section of a thread in the permeability of water penetration **** 
PVP, and it became clear that there is dispersion in the engine performance within a thread as 
a result. 
[0052] 

[The example 2 of a comparison] The same actuation as an example 1 was performed except 
there being nothing gamma ray Teru putting. This result is shown in Table 3. It became clear 
that the absorbance of elution test liquid exceeds 0.04 for the elution of PVP. 
[0053] 

[The example 3 of a comparison] The same actuation as an example 1 was performed except 
having made the polyvinyl pyrrolidone in a film production undiluted solution, and having made 
N,N-dimethylacetamide into 77.0 % of the weight 5.0% of the weight. The mixing ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time was 
27.8 % of the weight. The engine performance of this film is shown in Table 3. Since the mixing 
ratio of the polyvinyl pyrrolidone to the polysulfone in a film production undiluted solution is 
over 27 % of the weight, an elution volume and film internal-surface PVP concentration are 
increasing. 
[0054] 

[The example 4 of a comparison] The same actuation as an example 1 was performed except 
having made the polyvinyl pyrrolidone in a film production undiluted solution, and having made 
N,N-dimethylacetamide into 78.4 % of the weight 3.6% of the weight. The mixing ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time was 
20.0 % of the weight. The engine performance of this film is shown in Table 3. It became clear 
that the amount of PVP of a film internal surface is less than 30%. 
[0055] 

[The example 5 of a comparison] The same actuation as an example 3 was performed except 
having used the mixing solution which turns into internal liquid from 60 % of the weight of N,N~ 
dimethylacetamide, and 40 % of the weight of water. The engine performance of this film is 
shown in Table 3. This film was engine performance for which the permeability of albumin is 
over 0.3%, and the permeability of PVP also exceeds 75%. 
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[0056] 

[The example 6 of a comparison] The same actuation as an example 1 was performed except 
having used the mixing solution which turns into internal liquid from 10 % of the weight of N,N~ 
dimethylacetamide, and 90 % of the weight of water. The engine performance of this film is 
shown in Table 3. The amount of water penetration of pure water was the engine performance 
which is less than 10mL(s)/(m2 and hr-mmHg). 
[0057] 

[The example 7 of a comparison] The same actuation as an example 1 was performed except 
having made drying temperature into 170 degrees C. The engine performance of this film is 
shown in Table 3. All PVP in the film of this film was insoluble in water. When this film was used 
as the module of 2 the effective filtration area of 1.5m and clinical blood evaluation was carried 
out in accordance with the performance-evaluation criteria of Japanese Society for Artificial 
Organs under a part (film internal-surface side) for blood flow rate 200mL/, and the conditions 
for dialysing fluid flow rate 500mL/(film outside-surface side), the leuco PENIA symptom that a 
dialysis patient's white blood cell count fell temporarily was observed. 
[0058] 

[Table 1] — - ~ — 
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3 0 


3 0 


4 4 


4 4 


















0. 0 2 2 


0.022 


0.020 


0. 0 2 0 


0.035 


0.035 




f&b 


»b 


Mb 




Mb 


Mb 


aDH-Unitto 2 ) 


15.5 


15.5 


17.5 


17.5 


4. 2 


4. 2 




2. 1 


2. 1 


5. 5 


5. 5 


1. 8 


1. 8 


hr-mmHg)) 


19 0 


19 0 


17 0 


17 0 ! 


2 6 0 


2 6 0 


m^m (%) 


0.3 2 


0.3 2 


0. 34 


0. 34 


0.3 5 


0. 35 


PVP <D 

mmm (%) 


7 7 


7 7 


8 4 


8 4 


8 4 


8 4 



[0059] 
[Table 2] 
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Jt«fc0IJl 












19 4 


19 3 


19 5 


19 5 




2 8 4 


2 8 4 


2 8 1 


2 8 0 


&zk&(mL/(m 2 - 
hr-mmHg)) 


3 9 2 

\J Zs £J 


3 9 O 




9 n 


mmm (%) 


n o t; 

\J * £* o 


\J • c* O 




n n i 


PVP CD 

mmm (%) 


/ z 




ft 
O 


4 


Jgft&BFVPiS 
g(M%) 


3 O 


o o 


o o 




PVPcd^&S 




*T!9 


*T<9 


*9 j 




0.023 


0. 0 2 3 


0. 0 2 2 


0. 0^,2 


TH 1 1 1 l-'V tl>*» | 










(LDH-Unit/m 2 ) 


13. 8 


13.8 


15.6 


15. 5 


Iff (mg/g) 


2. 0 


2. 0 


2. 1 


2. 1 


rj ^ ja V 1 * * * " V*** 

hr-mmHg)) 


3 10 0 


3 10 0 


19 0 


19 0 


mmm (%) 


0.5 1 


0. 5 1 


0. 3 2 


0. 3 2 


PVP CD 

m&m (%) 


9 9 


9 9 


7 7 


7 7 



[0060] 
[Table 3] 
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13/13 ^— v 





tfct*0!l2 


*t$fc#J3 








J£6fcflH7 
















19 5 


2 0 0 


19 9 


19 6 


2 0 0 


19 1 




9 q n 


O Q Q 

Z » O 


o o n 

Z 17 U 


O Q *7 

z y / 


z y 1 


O T £5 

2 7 b 


l_ _ T T - VV 

nr-mmHg)) 


2 0 


3 5 


1 5 


9 7 0 


8 


1 5 


iSpijbm (%) 


0. 0 1 


0.0 1 

BIT 


0. 0 1 


0. 3 7 


0.0 1 

sit 


0.0 1 


PVP <E> 
Stb^ (%) 


4 


5 


4 


7 9 


0 


4 


BSftSccSPVPiR 
S(fifi%) 


3 5 


4 7 


2 8 


3 3 


3 4 


3 6 


















0. 0 4 4 


0.040 


0. 0 18 


0. 0 2 1 


0.020 


0. O 2 1 




ML 




it 


ML 


--ire 


ML 


(LDH-Unit/m 5 ) 


15.5 


3. 8 


19.6 


15.0 


15.1 


16. 8 


iiiL an s s * ^ s 
(mg/g) 








O ft 

z . o 


Z . 1 


o . U 


hr-mmHg)) 


19 0 


3 10 


13 0 


8 6 0 0 


7 6 


19 0 


T^zf% i/<r> 

<%) 


0.3 2 


0.3 8 


0.3 1 


0. 6 2 


0. 1 8 


0.3 2 


PVP <D 

w&m (%) ! 


7 7 


8 5 


7 6 


10 0 


5 2 


7 7 j 



[0061] 

[Effect of the Invention] The film of this invention has very few elution volumes from the film, 
and since it has the outstanding dialysis engine performance with little adhesion of blood protein 
and a platelet, it can be used for a physic application, a medical-application way, and a general 
industrial use way. 



[Translation done.] 
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